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Abstract Summary:   

The CMS CO2 Detector test stand contains piping which runs 

from the storage tank suspended in Lab C to the South Clean room 

of Lab C and back again.  This document serves to provide details 

on the piping system and its components. The piping could be 

subject to up to 1200 psi and a temperature drop from room 

temperature, down to -73C, (-100F).  This piping note analyzes 

these criteria and shows stress does not exceed the amount allowed 

by ASME 31.3 code for process piping.    
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1. FESHM 5031.1 PIPING ENGINEERING NOTE FORM 

 

Prepared by:   Erik Voirin                                                Preparation Date: 4-25-2011 

Piping System Title: CMS CO2 Cooling Test Stand 

Lab Location: Lab C                                                 Location code: 604 

Purpose of system: Two Phase Carbon Dioxide Cooling Experiments 

Piping System ID Number: none assigned to date 

Appropriate governing piping code: ASME B31.3 Category: Normal Fluid Service 

Fluid Service Category (if B31.3): Normal Fluid Service 

Fluid Contents: Carbon Dioxide 

Design Pressure: 1200 psi @ -110F 

Piping Materials: 304 SS and 304L SS 

Drawing Numbers (PID’s, weldments, etc.): 9212-750-ME-466879 

Designer/Manufacturer: Fermilab 

Test Pressure: 1320 psig                  Test Fluid: Nitrogen           Test Date: April 25, 2011 

Statements of Compliance 

Piping system conforms to FESHM 5031.1, installation is not exceptional: Yes  

Piping system conforms to FESHM 5031.1, installation is exceptional and has been 

designed, fabricated, inspected, and tested using sound engineering principles: N/A 

 

Reviewed by: ________________________________________ (Print Name) 

 

Signature: _____________________________________________Date: _____________ 

 

D/S Head's Signature: ___________________________________Date: _____________ 

 

The following signatures are required for exceptional piping systems: 

 

ES&H Director's Signature: _______________________________Date: _____________ 

 

Director's Signature or Designee: __________________________Date: _____________ 



 

 

Pipe Characteristics 

 

Size: Schedule 10S:  ½” to 1.5”: Refer to Drawings              Volume: ~ 14 Gallons 

Relief Valve Information: 

Type: Spring Loaded                     Manufacturer: Anderson Greenwood 

Set Pressure: not applicable Relief Capacity: 1200 psig 

Relief Design Code: ASME 

Is the system designed to meet the identified governing code? Yes  

 

Fabrication Quality Verification: 

 

Process and Instrumentation diagram appended? Yes 

Process and Instrumentation component list appended? Yes 

Is an operating procedure necessary for safe operation? No 

If ‘yes’, procedure must be appended. 

 

Exceptional Piping System 

 

Is the piping system or any part of it in the above category? No 

If “Yes”, follow the requirements for an extended engineering note for Exceptional 

Piping Systems. 

 

Quality Assurance 

 

List vendor(s) for assemblies welded/brazed off site:  None 

List welder(s) for assemblies welded/brazed in-house: 

(Ryan - Welder #3), (Mike Jenniga Welder #2), (Mike Cooper) 

Append welder qualification Records for in-house welded/brazed assemblies. Yes 

Append all quality verification records required by the identified code (e.g. examiner's 

certification, inspector's certification, test records, etc.)  Yes 

  



 

 

 

 

 

 

 

 

 

2. Description and Identification 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

The piping in the CMS CO2 Cooling Test stand is an experimental setup which 

will be used to transfer liquid, gaseous, and supercritical CO2 from the storage tank of the 

system to the CMS detector test stand and back again.  The cooling system uses three 

commercial chillers using R-404a as a refrigerant to cool the 300 lbs. of Carbon Dioxide 

in the cooling system.  The piping network also contains several pressure vessels each of 

which serve a different purpose for the cooling system.  These vessels are all ASME 

stamped pressure vessels, all of which have been designed and tested to ASME standards. 

As seen in the Figure 1, the vessels are the STORAGE TANK, HEATER VESSELS (2), 

and the PHASE SEPARATION TANK.  Pressure vessel notes for the four vessels have 

been completed, reviewed, and approved. Links to Engineering Notes: 

 http://www-esh.fnal.gov:8001/PV_Eng_Notes/PPD10132.pdf  

 http://www-esh.fnal.gov:8001/PV_Eng_Notes/PPD10133.pdf 

 http://www-esh.fnal.gov:8001/PV_Eng_Notes/PPD10134.pdf 

 http://www-esh.fnal.gov:8001/PV_Eng_Notes/PPD10131.pdf 

  

The piping system and all vessels are designed to 1200 psi of internal pressure, 

and -110F shock temperature.  This design pressure was chosen so the system could sit 

pressurized at room temperature for extended periods of time without the need for 

evacuating the system. The saturation pressure of CO2 is 1070 psi at 88F, beyond that 

temperature CO2 becomes supercritical and pressures are dependent on density of the 

fluid due to the volume of containment. The design temperature of the system was chosen 

as -110F is the temperature in which CO2 will flash to during a pipe rupture, or other 

sudden release of pressure down to atmospheric.  This temperature was obtained by 



 

 

following a line of constant enthalpy on the CO2 phase diagram.  The piping will be 

insulated by 2” thick fiberglass pipe insulation and hung from pipe hangers throughout 

the building.  All piping is grade 304 or 304L stainless steel, schedule 10S or thicker.  

Nominal Diameters range from ½” to 1- ½”. 

 

A system overview can be seem in Fig.1, which is drawn spatially similar to the 

piping and instrument diagram which is attached for reference on the following page.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 – CMS CO2 test stand cooling system overview. 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Design Verification 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

The CMS piping meets the requirements of Section 5031.1 of the Fermilab ES&H 

Manual. This section states that this piping system falls under the category of Normal 

Fluid Service and shall adhere to the requirements of the ASME Process Piping Code 

B31.3. 

 

Materials: 

The piping is fabricated from 304 or 304L stainless steel tube and pipe.  The 

lowest allowable stress for both of these materials from Table A-1 of ASME B31.3 is 

16,700 psi.  The CO2 lines are primarily made of schedule 10 pipe.   

The piping will be operated at -40C (-40F) minimum. This is above the minimum 

temperature listed for 304/316 stainless steel pipe or tube (19 K).  According to Table 

323.2.2 of the Code, impact testing is not required for these austenitic stainless steels. 

(Reference “Bo LarTPC Cryostat Piping System Engineering Note” by T. Tope) 

The minimum possible temperature would happen under a pipe rupture, where the pipe 

could reach temperatures down to -73C (-100F) due to the sudden expansion of the CO2 

and flashing of the fluid down to this Temperature.  This is above the minimum 

temperature listed for 304/316 stainless steel pipe or tube (19 K).  According to Table 

323.2.2 of the Code, impact testing is not required at the system design temperature of     

-110F for these austenitic stainless steels or the Weld filler metal (308L) 

 (Reference “Bo LarTPC Cryostat Piping System Engineering Note” by T. Tope) 

 

 

 

 



 

 

 

Stress analysis: 

Calculations were done for stress due to pressure, pipe weight, and thermal 

contraction.  The design uses standard tubing and fittings, which meet specifications of 

ASTM A403, and are therefore rated to the same temperature and pressure as the same 

pipe size and schedule number according to ASME 31.3.   

 

The minimum thickness of the pipes is evaluated using the procedures in 

304.1.2(a) of ASME B31.3.  All trapped volume relief valves are set at 1200 psig.   

The minimum tube thickness for seamless or longitudinally welded piping for t < D/6 is 

given by the equation: 

( )PYSEW

PD
t

+
=

2
 

Where:  t = wall thickness, 

P = internal design pressure 

D = outside diameter (manufacturers nominal value is used) 

S = allowable stress from table A-1 = 16.7 ksi 

E = quality factor from table A-1B = 1 for seamless, 0.8 for clamshell 

W = weld joint strength reduction factor = 1 for seamless tubing, 0.8 for clamshell    

        per 302.3.4. 

Y = coefficient from Table 304.1.1 = 0.4 

 

 

 



 

 

 

 

The piping system contains four sizes of schedule 10S piping: ½”, ¾”, 1”, and 1-

½” and also ¼” OD 304SS instrument tubing.  Calculations for the stresses seen in these 

four pipe sizes in order due to the design pressure of 1200 psi are as follows: 

 

 

 

This shows a stress due to internal pressure below the allowable limit of 16.7 ksi. 

Stresses seen were between 5592 psi for the smallest pipe size of ½”, up to 9979 psi seen 

in the largest pipe size of 1-½”.  Instrument tubing is 304SS (0.25” OD by 0.055” wall) 

and has a much lower stress of only 2247 psi using the above formula. Calculations for 

thermal contraction are much more complicated, so ANSYS was used to compute these 

stresses, as was pipe weight and secondary stress analysis.     



Route descriptions, calculations, and analyses

Section Contents:  

FEA Boundary Conditions  

FEA simple model testing

Pipe section weight calculation   

Section 1 

Section 2 

Section 3 

Section 4 

Section 5

Sections 3, 4,and 5 combined

Section 6 

Pressure Vessel Block off Plates   



FEA / Boundary condition Testing

Ansys is a very powerful FEA program and fully capable of performing any thermal or structural analysis,
yet it is generic in the respects it is not specifically designed for piping systems. boundary condition
selection must be made to match real world fixing points, supports, weights, and such. Piping programs
have predefined "pipe hanger supports" "flanged connections" ect. where in Ansys these must be
simulated.  This report explains boundary conditions for the analyses and conducts simple Calculations
which can be checked with hand calculations in order to assure correct boundary conditions and accuracy.

Since the ends will be flanged
connections, they will be somewhat
fixed position wise, but the cylinder will
be able to expand and contract radially
and axially since the flange will expand
and contract due to temperature just
as the pipe will.  The flange would only
assist in holding internal pressure, so
the free radial expansion is
conservative for a pressure
application.   

The pipe shown in the figure has the
displacement set to zero in the Z
direction and is free in all others.
The cylindrical support is fixed
tangentially and free in all others.

Hand Calculations for Stress / Boundary condition Testing

Pipe is grade 304 Stainless Steel

Temperature Change Stress

Coefficient of Thermal Expansion

α
1.7 10

5−
⋅

K
:=

Modulus of Elasticity Initial Temperature Final Temperature

E 1.93 10
11

Pa⋅:= Ti 71.6:= Tf 20:=

∆T Ti Tf−( )
5

9

�
�
�
�
�
�

K:=

Thermal strain
Using Duhamel Neumann form of Hooke's law, the deformation is
zero so the mechanical strain must equal the thermal strain.

ε α ∆T⋅ 4.873 10
4−

×=:=



Stress 

ε E⋅ σ= σ ε E⋅ 13642 psi⋅=:=

Ansys computes:

Boundary conditions applicable for 
temperature induced stress

�

Stress due to weight of pipe

Weight 50lbf:=

Do 1.9in:= Di 1.682in:=

I
π

64
Do

4
Di

4
−�

�
�
�⋅ 0.247 in

4
⋅=:=

c
Do

2
0.95 in⋅=:=

Length 48in:=

w
Weight

Length
1.042

lbf

in
⋅=:=

ymax
w Length

4
⋅

384E I⋅
0.00208 in⋅=:=

M
w Length

2
⋅

12
200 lbf in⋅⋅=:=



Boundary condition applicable for bending

σ
M c⋅

I
769.795 psi⋅=:=

Boundary condition app. for deflection

deflection ymax 0.002084 in⋅=:=



Stress due to internal Pressure

ri

Di

2
:= ro

Do

2
:= pi 1200psi:=

σt

ri
2

pi⋅

ro
2

ri
2

−

1
ro

2

ri
2

+

�
�
�
�

�
�
�
�

⋅ 9895 psi⋅=:=

σr

ri
2

pi⋅

ro
2

ri
2

−

1
ro

2

ri
2

−

�
�
�
�

�
�
�
�

⋅ 1200− psi⋅=:=

ν 0.30:=

εZ 0:= εZ
1

E
σZ ν σt σr+( )−( )=

σZ εZ E⋅ ν σt σr+( )⋅+ 2609 psi⋅=:=

vonMises
σt σZ−( )

2
σZ σr−( )

2
+ σr σt−( )

2
+

2

��
�
	


�
�
�

1

2

9765 psi⋅=:=

Boundary condition app. for pressure

Pressure vonMises 9.765 10
3

× psi⋅=:=



Pipe supports

Since Ansys WB does not have pipe supports, judgement was used in determining the type of supports to
use.

The pipe will be supported by pipe hangers and will be inside 2" fiberglass insulation.  Physical examination of
the insulation showed a square inch of the insulation could be compressed from two to 1 inches with about

10-20 lbs of pressure.  Therefore an elastic support with a foundation stiffness of 15lb/in3 was inserted on the
pipe at the locations of the pipe cradles. 

Weight of Pipe on other components for dead weight analysis:

OD1.5 1.9in:= AO1.5
π

4
OD1.5

2
⋅:=

ID1.5 1.682in:= AI1.5
π

4
ID1.5

2
⋅:=

OOD1.5 OD1.5 4in+:= AOO1.5
π

4
OOD1.5

2
⋅:= A1.5 AO1.5 AI1.5− 0.613 in

2
⋅=:=

OD1 1.315in:= AO1
π

4
OD1

2
⋅:=

ID1 1.097in:= AI1
π

4
ID1

2
⋅:=

OOD1 OD1 4in+:= AOO1
π

4
OOD1

2
⋅:= A1 AO1 AI1− 0.413 in

2
⋅=:=

Densities of
Components

Weight per foot of components

ρSS 7500
kg

m
3

0.271
lb

in
3

⋅=:=
WSS_1.5 ρSS A1.5⋅ 1.994

lb

ft
⋅=:= WSS_1 ρSS A1⋅ 1.343

lb

ft
⋅=:=

ρCO2 1000
kg

m
3

0.036
lb

in
3

⋅=:=
WCO2 ρCO2 AI1.5⋅ 0.963

lb

ft
⋅=:= WCO2.1 ρCO2 AI1⋅ 0.41

lb

ft
⋅=:=

ρIns 3
lb

ft
3

0.0017
lb

in
3

⋅=:=
WIns_1.5 ρIns AOO1.5 AO1.5−( )⋅ 0.511

lb

ft
⋅=:= WIns_1 ρIns AOO1 AO1−( )⋅ 0.434

lb

ft
⋅=:=

Total weight of CO2 filled, and insulated 1.5" pipe

W1.5 WSS_1.5 WCO2+ WIns_1.5+ 3.468
lb

ft
⋅=:= W1 WSS_1 WCO2.1+ WIns_1+ 2.186

lb

ft
⋅=:=

Weight of particular pipe sections

Section1 W1.5 291⋅ in 84.097 lb⋅=:= Section4 W1 962.13⋅ in 175.304 lb⋅=:=

Section2 W1.5 262⋅ in 75.716 lb⋅=:=

Section3 W1 688⋅ in 125.357 lb⋅=:=

Section5 W1 100⋅ in 18.22 lb⋅=:=



Pipe Section 1

Each section was modeled and then analyzed in Ansys with the described boundary conditions and
subjected to numerous loads, weight of pipe was included in each analysis:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig
3.) Operating Temperature of -40F and Pressure of 131 psig

Material and equipment descriptions:
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Physical Description / Visual representation

Boundary Conditions Internal Pressure



Stress Plot

Deformation Plot



Boundary Conditions

Stress Plot



Deformation Plot

Boundary Conditions Temperature drop to -110F



Stress Plot

Deformation Plot



Result Summary For section #1

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code.  Fittings are designed
thicker than the pipe itself, and are rated for the temperature and pressure and allowed by 31.3.  Stress
levels in the fittings should be somewhat lower than shown in the ansys model since they are modeled the
same thickness as the pipe itself for a conservative approach.  Deformation levels are reasonable and could
easily be allowed by the pipe insulation and hangers without constraint.  One can see from these results the
operating temperature and pressure is low with respect to the two other extreme cases.  Analysis for
operating procedure will not be shown for additional pipe sections.



Pipe Section 2

Each section was modeled and then analyzed in Ansys with the described boundary conditions and
subjected to numerous loads:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Material and Equipment description
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Physical Description / Visual representation



Boundary Conditions  Internal Pressure

Stress Plot



Deformation Plot

Boundary Conditions Temperature drop to -110F



Stress Plot

Deformation Plot



Result Summary For section #2

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code.  Fittings are
designed thicker than the pipe itself, and are rated for the temperature and pressure and allowed by
31.3.  Stress levels in the fittings should be somewhat lower than shown in the ansys model since they
are modeled the same thickness as the pipe itself for a conservative approach.  The pipe Tee was left
out of the stress plot in the pressure analysis since it is rated to the temperature and pressure for
ASME31.3.  Deformation levels are reasonable and could easily be allowed by the pipe insulation and
hangers without constraint.  

Pipe Section 3

Pipe section 3 is two assemblies joined by a Hart union. The two were joined in an assembly and the
model was then analyzed in Ansys with the described boundary conditions and subjected to
numerous loads:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Pipe and equipment descriptions
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Boundary Conditions Temperature drop to -110F 

Stress Plot



Deformation Plot

Boundary Conditions  Internal Pressure



Stress Plot

Deformation Plot



Pipe Section 4

Pipe section 4 is two assemblies joined by a welding. The two were joined in an assembly and the model
was then analyzed in Ansys with the described boundary conditions and subjected to numerous loads:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Pipe and equipment descriptions
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Boundary Conditions Temperature drop to -110F

Stress Plot



Deformation Plot

Boundary Conditions  Internal Pressure



Stress Plot

Deformation Plot



Pipe Section 5

Pipe section 4 is three assemblies joined by a flanges, hart unions and welding. They were joined in an
assembly and the model was then analyzed in Ansys with the described boundary conditions and subjected
to numerous loads:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Unconstrained Extensions of the pipe were not added to the model to simplify computation as they do not
effect analysis results.  A small phase separation vessel was analyzed 

Pipe and equipment descriptions
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Boundary Conditions Temperature drop to -110F

Stress Plot



Deformation Plot

Boundary Conditions  Internal Pressure



Stress Plot

Deformation plot



Pipe Sections 3, 4, and 5

Pipe sections 3 four and 5 were combines as their contact points are not perfectly fixed and  their
displacements effect each others stress levels.  The three sections were joined in an assembly and the
model was then analyzed in Ansys with the described boundary conditions (same as 3,4,and 5) and
subjected to numerous loads:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Boundary Conditions Temperature drop to -110F



Stress Plot

Deformation Plot



Boundary Conditions  Internal Pressure

Stress Plot



Deformation plot

Result Summary For sections # 3,4 and 5

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code.  Fittings are designed
thicker than the pipe itself, and are rated for the temperature and pressure and allowed by 31.3.  Stress levels in
the fittings should be somewhat lower than shown in the ansys model since they are modeled the same
thickness as the pipe itself for a conservative approach.  The pipe Tee was left out of the stress plot in the
pressure analysis since it is rated to the temperature and pressure for ASME31.3.  Deformation levels are
reasonable and could easily be allowed by the pipe insulation and hangers without constraint.   



Pipe Section 6

Pipe section 6 is one assembly, which comes out of the bottom of the phase separator and is
unconstrained at the end.  An FEA model was not performed as one end in unconstrained and is not
sensitive to expansion or contraction due to temperature or pressure changes.

Pipe and equipment descriptions:
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Pressure Testing:
Block Off Plates For Storage Vessel

Since The Pressure Vessels have already been Hydrostatically Tested by the Manufacturer,
the flanges will be blocked off with 1/4 in thick plates.  This is done to avoid pressurizing the
large volume of the storage tank.  Plated were analyzed and capable of withstanding the
test pressure of 1320 psi, with stress under code stress.  Only the area which would be
clamped in the face of the ring gasket is modeled, as the square extensions will not effect
the analysis result.  Quarter symmetry was used in the analysis as well to speed
computation time.  A drawing of the block of plates is below.    



Boundary Conditions:  
Pressure in Center.  Elastic support equal to flange elasticity places on bottom outside ring



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Pressure Containment / Relief System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
Relief Valves: 

 

Each of the six applicable piping areas are equipped with a trapped volume relief 

valve.  These relief valves are set to open at 1200 psig.  All relief valves are Anderson 

Greenwood Trim KT with a size ‘4’ orifice area equal to 0.049 in
2
.  For specific valve 

numbers and locations see the Piping and Instrument Diagram.   

Calculations were performed which show the capacity of these valves more than 

meets the criteria of API 521 and ASME standards.  Inlet and outlet pressure drop is 

below the respective allowable 3% and 10% set by API standard 521.  Details of these 

calculations are shown in the following pages.   
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Closed outlets   -  Closed outlets are possible but are not a source of overpressure,. The1.

available supply pressure is less than vessel design (MAWP) pressure.

Coolant failure - Not applicable.2.
Top reflux failure - Not applicable.3.
Side reflux failure - Not applicable4.
Lean Oil failure to absorber - Not applicable.5.
Accumulation of noncondensables - Not applicable,6.
Entrance of highly volatile material - Not applicable.7.
Overfilling - Overfilling is possible but is not a source of overpressure  The available supply8.

pressure less than vessel design (MAWP) pressure.
Control Failure - Heater could remain on at maximum heat input of 6000W.  9.
Abnormal heat or vapor input - worst case would be item 910.
Split exchanger tube - NA11.
Internal explosion - NA12.
Chemical reaction - NA13.
Hydraulic expansion - Possible and analyzed in item 8 under supercritical conditions 14.
Exterior fire - Possible that small quantity of flammables (box/papers) are near the piping.  15.
Power failure (steam, electric, air, other) - system stable at ambient temperatures.16.

Item 9, and 15 above are identified as possible sources of overpressure. 

Item 9 requires a relief rate of 330 lb/hr.
Item 15 requires an order of magnitude less relieving capacity, and is not the
scenario of interest.

Vessels Anderson Greenwood relief valve is capable of venting over 7000 lb/hr of
supercritical CO2 and are more than adequate for safety purposes.  Calculations

follow:
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According to Compressed gas assocoation, the critical temperature for which calculations should be made for relieving

a supercritical fluid are when:                        is at a maximum.  CGA states at 200 psia the maximum value for 

hydrogen occurs at 62.7R.  A Calculation method will be tested against hydrogen's given value to test for accuracy of 

the method.  

v

v
δh

δvp

�
�
�

�
�
�

⋅

dhdv Temp( ) ����������	− Temp
	
�����
�
��Temp

�
+ �
	������		Temp− �
	��	����	+:=

rootV Temp( ) ������− Temp
�
���	��Temp+ ���
��−:=

value Temp( )
�

dhdv Temp( )( ) rootV Temp( )( )⋅�� 	

:=

���� ���� ����
��� ��

�−
×

��� ��
�−

×

��� ��
�−

×

��� ��
�−

×

��
 ��
�−

×

value Temp( )

Temp

Method Works and is consistant with hydrogen gas value from Compressed gas association. The
same method will be used to find the relief valve calculation Temperature of Carbon Dioxide at
1320psi
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Temperature for Supercritical fluid relief calculations will be made
using this temperature of 120.84 F.  
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This is seen as feasible when one looks at the dV/dh graph below as this derivitive rises
rapidly after it reaches a supercritical state then levels off quickly.
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dV

dH
is dVdh

��������� �����	���−( ) m
	

kg

�����
 	���
	−( ) kJ

kg

������	
�
ft
	

BTU
⋅=:= dVdh ���� ��

�−
×

m
	

kJ
⋅=
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Derivative
approach:

���������	���
�� � ���	����������������������

�������������	��

������

�����	

������

������

������

������

�����	

������

�	� �
� ��� ��� ��� ��� ���

Volume H( ) ��
�	�� ��
�−

⋅ H
�
������� ��

�−
⋅ H− �����
	

��+:=

H
Volume H( )

d

d

����
��� H⋅ ������������−→ H ������:=

kJ

kg
�����������
����

m
	

kJ
����
��� H⋅ ������������− ��	�� ��
�−

×=

������"4�����������0��,������
���������������������

ρco2 	�����
kg

m
	
�
��

lb

ft
	

=:=

HeaterPower ����W:=
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ReliefRate6000W_heater dVdh HeaterPower⋅ ρco2⋅ 	�
��
�
lb

hr
⋅=:=
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��(
�1���� ��
�����
	������������
 ��+/�	����	�1����

Kb ���:= Kd �����:= Kc ���:=

ΠK Kb Kd⋅ Kc⋅:=

WR ReliefRate6000W_heater:=

��
�
�������������(2���


G ��	��	�
lb

s ft
�

⋅

:= ��(	��/��+
����������
�

��������	�!�"�����#$-�

�

����

����

����

����

����

����

	���


���

� ��� ��� ��� 
�� ���� ���� ����

 !�"�����#$-�
0(����	��3#&

WR G Areaorifice⋅ ΠK⋅= Areaorifice

WR

G ΠK⋅
�����	 in

�
⋅=:=

�����������������1��������������0�����0�����������������������������
���%)'.�����������������������,������������� ����������������������������
����������0��������������������������,�����������������������0�+����
���������������������������������������������������� �,��+������������
�����������0�����0�������������������������
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⋅= Wu

WR

lb

hr

:= Z ��
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 �����(
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��(
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	�

K1 Kd �����=:= C 	��:= Kb �=

���
�(���6
���� %-7���
�
��(
 !/���(�


�
+�
��(

T ����� ���+( ):=

M ��:= P1 �	��:=

Area
Wu T⋅ Z⋅

C K1⋅ P1⋅ Kb⋅ M⋅
�����	=:= in

�
0������������������������0���
������������������������

'���(����	������
�
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Per API 521 sec. 5.15.1.1
To determine vapor generation, it is necessary to recognize only the portion of the piping that is
wetted by its internal liquid and is equal to or less than 25 ft above the flame, in this case the entire
blocked in area tank and surrounding piping will be evaluated for a worst case scenario.
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	��������	�
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�
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�(�
�%-

���
�"59

Pset ���� psi⋅:= LE ��ft:= D ���
�in:=

������.
��
���(���
�!
�9

Pipearea π D⋅ LE⋅ ����	 ft
�

=:=
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Mw �����
kg

kgmole
⋅:= Tin ������ ���+( )R:= Z ���
��	:= γ ��	���:=

�
����������� ���������

Cpgas ��	���
kJ

kg K⋅
⋅:= μ ������μPa s⋅:=

5
�
+�	����	����"	�(�����	��
���� �
�!�"�#$%�#3%#3#3<&

�����������0����������������,�����������������0�����0������,�����

!�����������A�������=

B�,�	�����+�������0���������������������0���������6�����,�����������������
<�������������0����,��������������������������

6�����,��������������������������������������0������������������������������
���������������	� ����5���������0������������0�9���������������	� ����9����
������������+��������

#����������,������������������,���������,��,�1���������������������������
&����������,�����������������������������,����9�������������������������
����������������������������#�('%�

������#�('%�����������������0��,��������

"	�(�����	���
+�����	�(��������

 �+/�
	����	�����	�&

"	�(�����	

�����	
��

kins.ambient ���	�
W

m K⋅
⋅:= InsulTh �in:=

!�"�����(�����	����1=

6����(	�������
��������������(	�����	����
	��

��#�('%��+��%)
������(�%(�(�C
��������������������������#
����������������������9�4���D)�

F
kins.ambient 
�� 273.15+( )K Tin−�� 	
⋅

�����
kg

s
	

⋅ InsulTh⋅

������=:=
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kins.ambient
�

W

m K⋅

⋅ 
�� 273.15+( )K Tin−�� 	
⋅
�

degC
⋅

����� InsulTh⋅
�

m
⋅

������=

�
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��
�����
������
	����%#�*�'2�
���1�


Qv �����
BTU

hr

�
�
�

�
�
�

⋅ F⋅
Pipearea

ft
�

�
�
�

�
�
�

����

⋅:= Qv ����
BTU

hr
⋅= !+��������������#�('%

Qv ����� W⋅=

ReliefRatefire dVdh Qv⋅ ρco2⋅ �	��
kg

hr
⋅=:=

��+���	����
	�����
��
�����
�

<���������������:�����%.����'%/���������������������
,���������,��������������
��2����� �!� �����"###$�
#��%���&$%))�2�3

<�������������������������������������0������������������������������������
%%������������������������������������������������������������������������
������������������������������������0��,���������������������,�����

ReliefRate6000W_heater

ReliefRatefire

���

= times higher
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���������������������28$C8F�.�.C:��D'3�����������=� As ����
 in
�

⋅:=

�!��-
�%

WRelief G ����
⋅ in
�
ΠK⋅ ����

lb

hr
⋅=:=

�!��-
�'

Wrelieved

����
 C⋅ K1⋅ P1⋅ Kb⋅ M⋅

T Z⋅

�
�
�

�
�
�

lb

hr
����

lb

hr
⋅=:=

�!��-
�)

WmA ΠK �	��⋅ psi As⋅
γ Mw⋅

Tin Rg⋅ Z⋅

�

γ �+

�
�
�

�
�
�

γ �+

γ �−

⋅⋅:= WmA �����
lb

hr
⋅= VolRelief

WmA

ρco2

:=

Relief needed: WR 	�
�

lb

hr
⋅=

��������6��
�
	���
��+���
��������
����
����>-���+
����
���
�3

�����
��
������
�6����/
�����
	����������
��
�����6
�������������
�

��
�������
��
������
�"	�
�����
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��(
�5��

����� �!� �����"###$�
����%������������������������������
&����0����8$C8���������������������������������������1�������
�������������������������������������������������������#�('.4('%�

�����������������������0��,����������������������������������������
�������������0������1���������������������������������������������0��,�
��������������������������������������,����������������

Length LE �� ft=:=

Diam ���
�in:= Area
π

�
Diam

�
⋅ ��
 in

�
⋅=:=

Velocity
VolRelief

Area
:=

Re
ρco2 Velocity⋅ Diam⋅

μ
��� ��

�
×=:=
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ε �����mm ��� ��
	−

× in⋅=:=

���
�����"+������


0(����	

Given
�

f
�− log

ε

	��Diam

����

Re f⋅
+

�
�
�

�
�
�

= f Find f( ) �����	�
=:=

��	
�<%-�
03�?*@� (	���
�����

���&

��	
�<%-�
03�?*@�����
��=���	�
�
����

�
��(


∆P f
Length

Diam

Velocity
�

�
⋅ ρco2⋅

�
�
�

�
�
�

⋅ ����� psi⋅=:= ∆P1 	�	� ��
�−

⋅

f
Length

ft
⋅

WmA

lb

hr

�
�
�
�

�
�
�
�

�

⋅

ρco2

lb

ft
	

Diam

in

�
�
�

�
�
�

�

⋅

⋅ �����=:=

∆P

�		��	psi
������ %⋅= which is less than 3%, the inlet piping is sufficient
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ρrelieved �������
lb

ft
	

:= ν ������	�
ft
�

s
:= Volrelieved

WmA

ρrelieved

��� ��
�

×
ft
	

hr
⋅=:=

"5����$8����
�(�
�%-����


Diam �����in:= Area
π

�
Diam

�
⋅ 	�� in

�
⋅=:= Length ��ft:=

��+�3�1����

Z ��
��		:= Velocity
Volrelieved

Area
:= Re

Velocity Diam⋅

ν
��� ��

�
×=:=

�
�����
���(��	
�����+���	
�<%-���

��++
�������

�����


ε �������ft:=
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0(����	

Given
�

f
�− log

ε

	��Diam

����

Re f⋅
+

�
�
�

�
�
�

= f Find f( ) �����
�=:=

+�������6
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���+
�
�����(��
�

���


�(��
�

�
��(


qm

WmA

lb

hr

�������=:= d
Diam

ft
����=:= p2 ���	:=

*%--1��(��
�

�
+�
��(
�

�(��
�

����	�

Toutlet ��� ���−( ):= L
Length

ft
��=:=

����

	(+/


Ma2 ����� ��
�−

⋅
qm

p2 d
�

⋅

�
�
�

�
�
�

⋅
Z Toutlet⋅

M

�
�
�

�
�
�

���

⋅ �����=:=

4��	��
0(����	�$?���+�!�"�����#$%������	����


�
��(
� �$&�A(������
���
�
��
������
�

f L⋅

d

�

Ma2
�

p1

p2

�
�
�

�
�
�

�

⋅ �
p2

p1

�
�
�

�
�
�

�

−

�
�
�

	
�



⋅ ln
p1

p2

�
�
�

�
�
�

�

−= p1 Find p1( ) 	���=:=

∆P p1 p2−( )psi ����psi=:=

∆P

�		��	psi
��� %⋅=
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⋅
qm

d
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�
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⋅
Z T⋅

M

�
�
�

�
�
�

���

⋅ �
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Ma2 �:= p2 pcrit:=

f L⋅

d

�

Ma2
�

p1

p2

�
�
�

�
�
�

�

⋅ �
p2

p1

�
�
�

�
�
�

�

−

�
�
�

	
�



⋅ ln
p1

p2

�
�
�

�
�
�

�

−= p1 Find p1( ) 	
�	=:=

∆P p1 p2−( )psi ��psi=:=

∆P

�		��	psi
��� %⋅= which is less than 10%, the outlet piping is

sufficient

This calculation was done for 25 feet of 2" pipe.  Other relief
valves are 1" diameter pipes, though their length is much shorter,
up to only 5.5 feet. 
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Diam ���
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π
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�
⋅ ��
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∆P p1 p2−( )psi ����psi=:=

∆P

�		��	psi
	�� %⋅= Which is less than 10%,

the outlet piping is sufficient
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5. Welding Information 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

The transfer line was assembled in two phases due to the long lengths and bends 

would be impossible to move through doorways and such.  Maneuverable sections of the 

piping were fabricated in Lab F, MAB, and PC4.  These sections were then joined and 

connected either by welding, Hart Unions, or flanges once in place.  According to B31.3 

Section 341, all piping in Normal Fluid Service shall be examined.  Normally 

radiographic examination of at least 5% of the welds is required but in certain cases 

where the use of radiographic examination is difficult or impossible in-process 

examination is allowed in lieu of radiography.  The shop fabrication was done by 

multiple Fermilab welders.  Their qualifications are in section 6.  An argon gas purge was 

used before and while performing all piping welds.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

6. Welders Qualifications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Inspection Plan / Examiners Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

In accordance with ASME 31.3 code for process piping, in process weld 

inspection was performed on a minimum of 5% of all circumferential welds performed 

by each welder.  The “in process weld inspection” forms are appended in the following 

pages.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Component Identification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
Process and Instrument diagram: 

 

The process and instrument diagram is on drawing 9212.750-ME-466879, and 

also included on the following page.  This diagram is followed by the valve and 

instrument list.   

 

Piping components:  

 Drawings and lists of each piping run including all fittings and their pressure 

ratings are included following the valve and instrument list.  Purchase requisition forms 

are included as well.   

• The system contains 4 flex hoses rated to a minimum of 1200 psi.  The purpose of 

these hoses is to allow the pump to vibrate more freely, and attached to unknown 

detector attachments.   The braided hoses are two at 1.5” x 60” (to and from 

detector), one at 1.5 x 12” (pump inlet), and one at 1.5 x 16” (pump outlet). The 

hoses were purchased from Janco Process Control.   

• The Valves used in the system are stainless steel valves rated to 1480 psi.  The 

valves are Sharpe series 99 valves. 

• Strainers are class 600 strainers manufactured by Keckley, they are rated for 1480 

psi 

• The check valves are cryogenic swing type check valves class 600 rated 

• The manual control valve is a Triad valve rated to 2000 psi 

• Flanges are class 600 rated 

• Hart Unions are rated to 3000 psi 

Descriptions / specifications follow the piping drawings. 
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Appendix B 

Equipment Documentation 

 
 

• Flex Hoses (Req Attached) 

o Pressure Flex hoses have a MAWP of 1200 psi, and a burst pressure of 4842 psi. 

� http://www.hosemaster.com/products/corrugatedmetalhoses/hose.php?id=7 

o Hydra Flex hoses have a MAWP of at least 1500 psi, and a burst pressure of at least 

6000 psi. 

� http://www.hosemaster.com/products/corrugatedmetalhoses/hose.php?id=11 

 

• Sharpe Valves (Req Attached) 

o The 99 series Sharpe Valves have a pressure rating of at least 1480 psi 

� http://www.sharpevalves.com/pdfs/series_99.pdf 

 

• ½” Control Valve (Req Attached) 

o This Valve has a pressure rating of 2000 psi. 

� http://www.triadprocess.com/pdf/Triad66FD.pdf 

 

• Strainers (Req Attached) 

o The Keckley Brand Strainers have a class rating of 600 (1480 psi) 

� http://www.keckley.com/pdf/downloads/Style%20SSB-7.pdf 

 

• Check Valves (Req Attached)   

o The Velan Brand Check Valves are Class 600 rated (1480 psi) 

� http://www.velan.com/velan/en/products/16/31/?product_id=64 

 

• Flanges (Req Attached) 

o Flanges are all ASME Class 600 rated (1480 psi) 

� Purchased from Janco Process Control 

� Orifice Flange purchased from Specialty Flange and Fitting 

 

• Sight Glasses (Req Attached) 

o MetaGlass sight glasses are rated to 1450 psi per Distributor.  This value is stated on 

purchase requisition as well.  

� Purchased from Chemray 

 

• Instruments (Req Attached) 

o Fuji Differential Pressure Transmitters are rated for at least 1450 psi 

� http://www.instrumart.com/assets/108/FKCnew_datasheet.pdf 

o Setra SC207 Pressure Transmitters have a range of 0-3000 psig, which shows their 

MAWP is at least 3000 psi. 
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•       Unions (Req Attached) 

o Unions are Rated at 3000 psi and were purchased from Hart Industries 

� http://www.hartindustries.com/images/HART%203333%20Union%20Technical%20

Data%20Sheet_1.pdf 

 

• Pipe (Req Attached) 

o Piping is all 304/304L Schedule 10 Stainless and which complies with ASTM Standards.  

Piping was purchased from RJ Keck. 

� Material mill reports are available. 

 

• Studs and Nuts (Req Attached) 

o Grade A320 Grade B7 studs are used throughout the system.  They comply with the 

temperature range and pressures involved.  They were purchased from Fastenal.  

� Heavey Hex Nuts used with all studs. 

 

• Gaskets (Req Attached) 

o High Quality Dual solid metal ring gaskets are used throughout the system.  They were 

Purchased from Flexitallic  
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9. Leak / Pressure Test Procedures 
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         Fermilab                                                                               ES&H Manual 5034TA-1 

 

Date: April 28, 2011 

 

EXHIBIT B 

Pressure Testing Permit* 

 

 

Type of Test: [  ]Hydrostatic      [X] Pneumatic 

 

Test Pressure 1320 psig                      Maximum Allowable Working Pressure 1200 psig 

 

Items to be Tested: Stainless Pipe System for CMS  CO2 Test Stand 

 

Location of Test Lab C                                Date and Time: 6 a.m. Friday April 29, 2011 

 

Hazards Involved:      1.) Overpressure of pipe.  

2.) Sudden release of pressure.  

3.) Pressure regulator failure. 

4.) Objects becoming projectiles in event of pipe rupture.  

 

Safety Precautions Taken: 1). Relief Valve in Place on Piping  

2.) Eye protection worn during test.   

3.) Personnel monitoring cylinder ready to shut off supply. 

4.) Test performed off hours, building vacated and barricaded.   

Also cylinder and personnel performing test will be outdoors of 

the building containing the pressurized piping, and will remain 

there during any pressure changes and will not enter until steady  

pressure holding is observed for 10 minutes.  A preliminary leak 

check was also performed to find any potential leak points. 

 

Special Conditions or Requirements: None 

 

Qualified Person and Test Coordinator: Erik Voirin           Dept/Date: PPD / April 29, 2011 

 

Division/Section Safety Officer _Eric McHugh                       Dept/Date  PPD / April 29, 2011 

 

Results: Passed Pressure Test – System Held 1320 psi for 10 minutes  

 

Witness/Dept/Date  Abraham Diaz and Mark Shoun/ PPD / April 29, 2011 

 

(Safety Officer or Designee) 

* Must be signed by division/section safety officer prior to conducting test. It is the 

responsibility of the test coordinator to obtain signatures. 


